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34. MOLECULAR COMPOSITION OF SEDIMENTARY LIPIDS OFF THE PERU MARGIN, LEG 112!

P. Farrimond,?? J. G. Poynter,? and G. Eglinton?

ABSTRACT

This study describes the molecular composition of the solvent-extractable organic matter of sediment samples
from the Peru upwelling area, collected from Hole 686B, Ocean Drilling Program (ODP) Leg 112. The postulated
biological sources of individual lipids are discussed, and their concentrations calculated for a representative
sediment sample. The solvent-soluble organic matter is dominated by lipids of marine origin, derived from the highly
productive photic zone. Terrigenous lipids are minor components. Comparison of a Peruvian upwelling sample with
a sediment from the Cap Blanc upwelling off northwest Africa reveals largely similar biological sources of organic
matter in both areas, although terrigenous material is of greater importance in the latter region. The paleoenviron-
mental information contained within the molecular distributions is also discussed to form a background for
accompanying studies (this volume) concerning downhole fluctuations in lipid abundance and molecular character-

istics and the paleoclimatic information recorded therein.

INTRODUCTION

The basis of most molecular organic geochemical studies
lies in the concept of biological marker compounds. A biolog-
ical marker (‘‘biomarker’” or *‘chemical fossil’’) is an organic
compound having a structure that can be linked to a specific
biological source (Eglinton and Calvin, 1967; Philp, 1985).
Many such compounds are characteristic of a type of orga-
nism, although others may be considerably more specific
(Brassell and Eglinton, 1983). Equally, many organic com-
pounds present in the geosphere are nearly ubiquitous, and
such compounds cannot strictly be termed biological markers.

The molecular marker approach has been applied to an
enormous range of sediments, ancient and modern, from a
wide variety of environments. These studies have shown that
organic matter deposited in different environments is charac-
terized by different molecular signals, depending upon both
the assemblage of organisms contributing organic material to
the sediments and the environmental conditions (Didyk et al.,
1978; Brassell, 1984; Meyers et al., 1984; ten Haven et al.,
1985; Mello et al., 1988). However, the application of biom-
arkers to infer the type and abundance of contributing orga-
nisms depends upon good chemotaxonomic control, and al-
though the molecular compositions of a large number of
contemporary organisms have been investigated, there remain
a great number yet to be so characterized. There is also the
difficult question of possible molecular changes as groups of
organisms have evolved; in other words, do the molecular
compositions of present-day biota accurately reflect those of
organisms contributing organic matter to past sediments?
Furthermore, effects on the composition of organic matter
during transit through the food web and sediment diagenesis
must be understood and allowed for. Nevertheless, despite
these difficulties, molecular organic geochemical study of
organic matter preserved in sediments can provide valuable
information regarding past biological assemblages, depositional
conditions, and climate.
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The Peruvian upwelling is often recognized as the classic
example of a coastal upwelling environment and, conse-
quently, has received a great deal of scientific study. Up-
welling of cool, nutrient-rich waters, driven by the combined
action of southeasterly trade winds and the Earth’s Coriolis
forces, results in high surface productivity over a wide coastal
band off Peru and Chile (Zuta et al., 1978; Smith, 1983). The
consequent high supply of particulate organic matter (1 to 3
gCm~2d~' or higher; Ryther et al., 1971; Henrichs and
Farrington, 1984; Suess et al., 1987) results in high oxygen
demand in the water column. In turn, this supports an
oxygen-minimum zone that impinges on the continental slope
from approximately 75 to 800 m below the sea surface
(Gagosian et al., 1980; Rosenberg et al., 1983; Henrichs and
Farrington, 1984; Rowe and Howarth, 1985). Consequently,
the sediments deposited in this region of the continental slope
are rich in organic matter (Demaison and Moore, 1980;
Gagosian et al., 1983a; Suess et al., 1987) and ideal for organic
geochemical study. Indeed, their importance as modern ana-
logues of petroleum source rocks (e.g., Monterey Formation
of California; Donegan and Schrader, 1981; Williams, 1984)
and the excellent preservation of climatic records in their
constituent organic matter has resulted in extensive organic
geochemical study of the Peru upwelling area. These studies
have addressed both water-column particulate matter (Gago-
sian et al., 1983a, 1983b; Repeta and Gagosian, 1983; Wake-
ham et al., 1983, 1984) and the underlying sediments (Smith et
al., 1983a, 1983b; Poutanen and Morris, 1983; Reimers and
Suess, 1983; Volkman et al., 1983, 1987; Henrichs and Far-
rington, 1984; Henrichs et al., 1984; Cooper et al., 1986;
Repeta and Gagosian, 1987; Rowe and Howarth, 1985) and
have been directed to a wide variety of molecular components
(sterols, fatty acids, ketones, hydrocarbons, carotenoids,
amino acids, and humic acids). Most of these scientists
discussed the biological marker distributions of surface sedi-
ments in the Peru upwelling area, the probable biological
sources of the organic matter, and its early diagenetic modi-
fication.

Our purpose here is to identify the molecular components
of sediment samples recovered during Leg 112 (Site 686) and
thus infer the biological sources of the sedimentary organic
matter. This discussion serves as an introduction to a com-
panion paper (this volume), where the biological marker
approach is used to infer changes in climate and environmen-
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Figure 1. A gas chromatogram of the total lipid extract of Sample 112-686B-2H-4, 40-43 cm (see ‘‘Experimental Methods’’ section [this chapter]

for analytical details). Compound assignments are listed in Table 1.

tal conditions over the last several hundred thousand years
(*‘molecular stratigraphy’’).

EXPERIMENTAL METHODS

Frozen sediment samples were thawed and homogenized before
removing an aliquot (about 0.3 g dry weight) for lipid extraction. The
samples were extracted with ultrasonification (sonic bath) in six
15-min steps (2 X 4 cm? methanol; 4 cm® methanol/dichloromethane
1:1; 3 x 4 cm? dichloromethane). After each step, the sample was
centrifuged and its clear extract decanted; all extracts were combined.
A known quantity of internal standard (Cs4 n-alkane; Cy, n-alkane;
cholesteryl hexanoate) was added to each sample after the second
methanol extraction step to allow later quantitation of lipid abun-
dances. After extraction, the sediments were oven-dried and weighed.
Organic extracts were washed with aqueous KCl to separate salts and
water, and the organic layer was removed. The remaining agueous
layer was extracted once more with 5 cm® dichloromethane. These
organic extracts were combined and excess solvent was removed by
rotary evaporation before being stored dry in vials at 4°C.

Analysis by gas chromatography was routinely applied to the total
lipid extracts without prior fractionation. Samples were analyzed
within several days of extraction to minimize loss of labile lipids and
were derivatized with bis-(trimethylsilyl) trifluoroacetamide (BSTFA)
before analysis. Gas chromatography was performed using a Carlo
Erba Mega Series 5300 machine fitted with an on-column injector and
an OV-1 fused silica capillary column (50-m x 0.32-mm internal
diameter). An OV-1 precolumn (5-m X 0.32-mm internal diameter)
was connected to the main column using a Hewlett-Packard zero
dead-volume capillary column connector; this served to trap out the
polar compounds, thus protecting the main column. Upon noticeable
loss of resolution, the pre-column was trimmed by 0.5 m; in this way,
the main column did not need regular trimming, despite the highly
polar nature of our samples. Analyses were performed using hydrogen
carrier gas, with an oven temperature program of 40° to 150°C at
10°C/min and 150° to 310°C at 4°C/min. Data were acquired using an
on-line Minichrom data system.

In addition, an aliquot of the total extract of one sample (112-
686B-2H-4, 40-43 cm) was fractionated by column chromatography
to facilitate compound identification (based on the procedure of
Volkman et al., 1983). The column was packed with activated silica
(3-cm bed depth in a 5-mm internal diameter Pasteur pipette) in
hexane. Four fractions were collected upon elution with (1) hexane (6
cm?), (2) hexane/ethyl acetate (95:5; 6 cm?), (3) hexane/ethyl acetate
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(80:20; 6 cm?) and (4) methanol (4 cm?). These fractions correspond to
(1) “*hydrocarbons,’ (2) “‘sterols and alkenones,”’ (3) ““n-alkanols and
alkan-1,15-diols,’’ and (4) ‘“‘residuals.”

Subsequent analyses by gas chromatography-mass spectrometry
(GC-MS) of the fractions and total extract were performed using a
Carlo Erba Mega Series 5160 gas chromatograph linked to a Finnigan
4000 quadrupole mass spectrometer. The gas chromatograph was
fitted with an on-column injector and an OV-1 (cross-linked methyl-
silicone) fused silica capillary column (50-m X 0.32-mm internal
diameter) was temperature programmed from 50° to 150°C at 10°C/min
and 150° to 310°C at 4°C/min, using helium as carrier gas. The mass
spectrometer was operated in El mode (ionizing energy of 35 eV; ion
source temperature of 250°C) with a scan time (m/z 50-600) of 1 s. An
INCOS 2300 system was used for data acquisition and processing.

Compounds were identified by a combination of their mass spectra
(compared with authentic standards and literature sources), mass
fragmentographic responses, and relative retention times.

MOLECULAR COMPOSITION AND
SIGNIFICANCE

Site 686 is located in the West Pisco Basin at a water depth
of 447 m. During a molecular study of the solvent-soluble
organic matter in a suite of sediments from Hole 686B, we
noted that the same organic compounds occurred throughout,
although their relative concentrations varied (see Farrimond
et al., this volume). Consequently, here we illustrate our
discussion with detailed results from a single sediment sample
(112-686B-2H-4, 40-43 cm), although the molecular compo-
sition of this sample is characteristic of the entire sequence.
The sediment sample was taken from 13.4 m below seafloor
(bsf) and is of Quaternary age. This sample is described as a
dark olive diatomaceous mud. A gas chromatogram of the
total extract of this sediment is shown in Figure 1.

Hydrocarbons
Hydrocarbons make up only a minor proportion of the
solvent-soluble organic matter. A series of long-chain n-
alkanes occurs (n-Cy to n-Css; Fig.2), maximizing at n-Cy to
n-C;, (about 360 and 660 ng/g dry sediment in Sample 112-
686B-2H-4, 40-43 cm); odd carbon-number homologues dom-
inate even carbon numbers in the long-chain (>C,s) region.
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Figure 2. A gas chromatogram of the hydrocarbon fraction afforded after column chromatography of Sample 112-686B-2H-4, 40-43 cm (see
‘‘Experimental Methods’* section [this chapter] for fractionation details; GC conditions as for Fig.1). Compound assignments are given in

Table 1.

Such distributions of long-chain n-alkanes have been ob-
served previously (e.g., Volkman et al., 1983) and are
assumed to reflect contribution from terrestrial higher plants
(Eglinton et al., 1962; Eglinton and Hamilton, 1967; Kolat-
tukudy, 1976). These lipids may be introduced into the
marine environment by fluvial transport or by an eolian
mechanism. However, results from previous organic
geochemical studies in this area suggest that although long-
chain n-alkanes of the correct carbon-number distribution
occur in eolian dusts (Schneider et al., 1983), the flux
transported via this method is insufficient to explain the
concentrations in the sediments. On the basis of this obser-
vation and the relative importance of oxidized terrigenous
lipids in at least some Peru margin sediments, Volkman et al.
(1987) favored a fluvial influx for the bulk of the terrestrial
organic matter in the area.

Phytane has been tentatively identified (peak 5; Fig. 2;
assigned on the basis of retention time only because of a poor
mass spectrum) in the sediments. This compound may arise
from phytol (Didyk et al., 1978) or directly from a bacterial
source (methanogens and/or halobacteria; Han and Calvin,
1969; Risatti et al., 1984). Both pristane and phytane have
been previously reported in a surface sediment in the Peru
upwelling area (Smith et al., 1983a). Lycopane (peak 45; Fig.
2) a Cy acyclic isoprenoid alkane, occurs in low abundance in
these sediments (about 400 ng/g in Sample 112-686B-2H-4,
40-43 cm). Unfortunately, in the total extract (Fig. 1), lyco-
pane co-elutes with C,; alkane-1,15-diol, precluding accurate
quantification of this compound. Positive identification of
lycopane was only possible by GC-MS analysis of the hydro-
carbon fraction (Fig. 2). The biological source of lycopane
remains uncertain, although a bacterial origin, probably meth-
anogenic bacteria, was proposed (Brassell et al., 1981). Far-
rington et al. (1988) identified lycopane in surface and near-
surface sediments in the Peru upwelling area and observed a
relationship between total organic carbon content and lyco-

pane concentration, consistent with a link between bacterial
biomass and available substrate (high organic supply and/or
low oxygen concentration).

Ster-4-enes and ster-5-enes, principally the Cy; (peaks 17
and 18) and C,, (peaks 22 and 23) compounds, occur as minor
components in the sediments (about 300 to 600 ng/g sediment
in 112-686B-2H-4, 40-43 cm). These compounds presumably
derive from sterol and/or steroidal ketone precursors (Mack-
enzie et al., 1982), either by transformation in the water
column or through early diagenetic modification.

Steroidal Alcohols

4-Desmethylsterols are abundant constituents in the total
extracts of the sediments (Fig. 1). Cholest-5-en-3-ol (choles-
terol; peak 25) typically dominates the sterols (4620 ng/g in
112-686B-2H-4, 40-43 cm); Sa(H)-cholestan-38-0l (choles-
tanol; peak 26) occurs in significant abundance (2770 ng/g;
Figs. 1 and 3) and is presumably derived, at least in part,
through diagenetic reduction of cholesterol (via ketone inter-
mediates; Gaskell and Eglinton, 1975; Nishimura and
Koyama, 1977; Mackenzie et al., 1982). These compounds
have been previously reported as major compounds in Peru
sediments (Smith et al., 1983b; Volkman et al., 1987) and
probably derive exclusively from marine sources, particularly
from fecal pellets, molts and carcasses of zooplankton, and
anchoveta fecal pellets (Gagosian et al., 1983b; Volkman et
al., 1987).

Several 24-methylsterols were identified, including 24-
methylcholesta-5-22-dien-38-ol (peak 28) and 24-methylcho-
lesta-5,24(28)-dien-3B-ol (peak 31; Fig.3 ), both of which have
been recognized previously as significant components in Peru
upwelling sediments (Smith et al., 1983b; Volkman et al.,
1987) and have been ascribed to a diatom source (Volkman,
1986). Other positively identitied 24-methylsterols are 24-
methylcholest-5-en-38-ol (peak 32), a common constituent of
phytoplankton (Volkman, 1986) and vascular plants (Volkman
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Figure 3. A gas chromatogram of the **sterol + alkenone’ fraction afforded by column chromatography of Sample [!2-6868-2H—4,_40-43
cm (see ““Experimental Methods’* section [this chapter] for details of fractionation and GC analysis). Compound assignments are given in

Table 1.

et al., 1987), 24-methylcholestan-38-ol (peak 33) and 24-
methylcholest-22-en-38-ol (peak 29).

24-Ethylcholest-5-en-38-ol (peak 37; Fig. 3; co-elutes with
23,24-dimethylcholestan-38-0l) is a prominent component
(7240 ng/g in 112-686B-2H-4, 40-43 cm), as observed in Peru
sediments in previous studies (Smith et al., 1983b; Cooper et
al., 1986; Volkman et al., 1987). The source of this compound
is difficuit to assess, as it occurs in terrestrial higher plants
(Volkman, 1986) as well as in a variety of algae (Volkman et
al., 1981; Volkman, 1986). Smith et al. (1983b) argued for a
predominantly marine origin in the Peru area on the basis of an
absence of other land plant lipids, while Volkman et al. (1987)
suggested that 24-ethylcholest-5-en-3-ol is derived from both
marine and terrestrial sources, with preferential survival of
the terrigenous component with depth.

Other Cy sterols positively identified in this study are
24-ethylcholestan-38-ol (peak 38), 24-ethylcholest-22E-en-38-
ol (peak 35) and 23,24-dimethylcholest-22E-en-38-o0l (peak 34;
Fig. 3). More detailed future GC-MS analyses of the sterol
fraction will undoubtedly reveal a much greater complexity of
sterols (see Smith et al., 1983b).

4-Methylsterols are significant components of the sedi-
mentary organic matter on the Peru margin. Indeed, in the
sample discussed here (112-686B-2H-4, 40-43 cm),
4a,23,24-trimethylcholest-22E-en-38-0l (dinosterol; peak
39; Fig. 3) is the most abundant steroidal compound (8230
ng/g dry sediment). Many scientists think that dinosterol is
characteristic of dinoflagellate influx to sediments (Boon et
al., 1979; de Leeuw et al., 1983), and has been previously
noted as an important constituent in the Peru area (Smith et
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al., 1983b; Cooper et al., 1986). Certainly, dinoflagellates are
common in this environment (Dugdale et al., 1977; Gagosian
et al., 1983a). Other identified 4-methylsterols are 4¢,23,24-
trimethylcholest-8(14)-en-3B-ol (peak 41), 4a,23(S8),24(R)-
trimethylcholestan-38-ol (peak 42) and 4a,23(R), 24(R)-tri-
methylcholestan-38-ol (peak 43, Fig. 3); these compounds
may also be of dinoflagellate origin (e.g., Harvey et al.,
1987). Peaks 42 and 43 were assigned on the basis of relative
retention times (Smith, 1984).

Long-Chain Alkenones and Alkanoates

Long-chain (C;~Cjs) di- and tri-unsaturated alkenones
(Rechka and Maxwell, 1988) are the most abundant molecular
constituents of the total organic extracts in this study (Fig. 1).
A related ester, Cy; methyl alkadienoate (37:2Me ester; peak
56; Figs. 1 and 3), also occurs. The major alkenone, Cs;
diunsaturated methyl ketone (37:2Me; peak 55) makes up
almost 35 ug/g dry sediment in Sample 112-686B-2H-4, 40—43
cm (Table 1). These alkenones have been previously noted as
significant organic components, both in the Peru sediments
(Volkman et al., 1983; Smith et al., 1983a; Farrington et al.,
1988) and in the water column (Wakeham et al., 1984). They
are believed to be characteristic of Prymnesiophyte algae,
particularly Emiliania huxleyi (Volkman et al., 1980a, 1980b;
Marlowe et al., 1984a, 1984b), which is well known in the Peru
upwelling, although its distribution is patchy (Ryther et al.,
1971). In recent years, it has become apparent that the degree
of unsaturation in this suite of alkenones reflects the water
temperature in which the source alga grew (Eglinton et al.,
1983: Marlowe, 1984; Brassell et al., 1986a, 1986b; Prahl and



Table 1. Compound identities and concentrations in the total

organic extract of Sample 112-686B-2H-4, 40-43 cm.

Concentration
Peak Compound (ng/g)

1 I]-Cm alkane —
2 I'I.-C”I alkane 140
3 Pristane 200
4 D‘C]g alkane 150
5 Phytane 1,710
6 n-Cg alkane 130
7 ll-Czo alkane 150
8 n-Cy7 alkanol 1,350
9 n-Cz; alkane 270
10 D-C22 alkane —
11 n-Cs3 alkane 85
12 n-Cyy alkane 85
13 n-Cys alkane (+ unknown) about 100 (+410)
14 0-C, alkanol 1,130
15 n-Cyg alkane 89
16 n-Cyy alkane (+ unknown) about 200 (+1,070)
17 Cholest-4-ene 570
18 Cholest-5-ene 300
9 n-Cag alkane —
20 n-Cyg alkane 360
21 n-Cyg alkanol 940
22 24-ethylcholest-4-ene (+ unknown) 1,100
23 24-ethylcholest-5-ene —
24 l'l-C3| alkane 660
25 Cholest-5-en-3g-0l (cholesterol) 4,620
26 Cholestan-38-ol (cholestanol) 2,770
27 n-Csg alkanol 1,070
28 24-methylcholesta-5,22-dien-38-ol 1,180
29 24-methylcholest-22-en-38-0l + 700

cholest-7-en-38-ol
30 n-Cj; alkane —
31 24-methylcholesta- 5,24(28)-dien-38-ol 610
32 24-methylcholest-5-en-38-o0l 650
33 24-methylcholestan-38-ol 1,090
34 23,24-dimethylcholest-22-en-3 -0l 2,330
35 24-ethylcholest-22-en-38-ol 750
36 n-Cs3 alkane 370
37 23,24-dimethylcholestan-38-0l + 7,240

24-ethylcholest-5-en-35-ol
38 24-ethylcholestan-38-o0l 4,970
39 4a,23,24-trimethylcholest-22-en-3 -0l 8,230

(dinosterol)
40 n-Cy,4 alkane —
41 4a,23,24-trimethylcholest-8(14)-en-35-ol 3,360
42 4e,23(S),24(R)-trimethylcholestan-38-ol 1,080
43 4a,23(R),24(R)-trimethylcholestan-3 8-ol 1,300
44 l'l—C3s alkane —_
45 Lycopane -
46 Cyp alkane-1,15-diol + alkan-15-one-1-ol 17,500
47 C3) hopanol? 1,320
48 n-Csg alkane (Internal standard) —_
49 C3; alkane-1,15-diol + alkan-15-one-1-ol 1,350
50 Cholesteryl hexanoate (Internal standard) —_
51 Hopanol? 2,900
52 Cj; alkane-1,15-diol + alkan-15-one-1-ol 5,230
53 C;; hopanol 1,230
54 37:3Me alkenone 17,700
55 37:2Me alkenone 34,700
56 37:2Me ester 3,200
57 38:3Et alkenone 7,960
58 38:3Me alkenone 6,290
59 38:2Et alkenone 32,100
60 38:2Me alkenone 7,550
61 n-Cyy alkane (internal standard) —
62 39:3Et alkenone 1,210
63 39:2Et alkenone 4,120

Note: Peak assignments refer to the gas chromatograms shown in Fig-
ures 1 through 4.

MOLECULAR COMPOSITION OF SEDIMENTARY LIPIDS

Wakeham, 1987). The application of this temperature depen-
dence to reconstruct past sea-surface temperature histories in
the Peru upwelling has been addressed by Farrington et al.
(1988) and Farrimond et al. (this volume).

Alkane-1,15-diols and Alkan-15-one-1-ols

Co-eluting C;, alkane-1,15-diol and alkan-15-one-1-ol
(peak 46; Fig. 1) are major components (together being 17.5
pglg dry sediment in Sample 112-686B-2H-4, 40—43 cm). The
C;; compounds are also abundant (peak 52), and their Cj,
equivalents were recognized by GC-MS (peak 49). A similar
distribution of these compounds, with the C,; components
dominating, was reported previously in Peru upwelling sedi-
ments by Volkman et al. (1987), although Smith et al. (1983a)
failed to find these components in this area. The biological
origin of these compounds remains unclear, as they have been
found in a variety of sedimentary environments, including the
Black Sea (de Leeuw et al., 1981), the hypersaline Tyro Basin
in the eastern Mediterranean (ten Haven et al., 1987), and in a
coastal area at the mouth of the St. Lawrence estuary (Nich-
ols and Johns, 1986). Recently, cyanobacteria were proposed
as a source for alkanediols (Morris and Brassell, 1988).

n-Alkanols

Low quantities of n-alkanols (up to 1100 ng/g dry sediment
in Sample 112-686B-2H-4, 40-43 cm; Table 1) were detected
in the samples (Fig. 1). Most significant of these are the C,, to
C,5 compounds, which occur with high even-over-odd carbon
number predominance. These compounds have been detected
previously in Peru sediments (Volkman et al., 1987; although
reported absent by Smith et al., 1983a), and many think they
derive from higher plants (Kolattukudy, 1976; Cranwell and
Volkman, 1981).

Other Compounds

Several hopanols (C;; and C;, compounds) were identified
in the samples used here (Fig. 1), and by previous scientists
(e.g., Volkman et al., 1987). These compounds were ascribed
to bacteria (Ourisson et al., 1979).

Fatty acids were not studied quantitatively in this study.
Our sample work-up procedure did not include an acidification
step; thus, loss of fatty acid salts was expected. Nevertheless,
traces of fatty acid were identified by GC-MS analysis of the
total extracts. Previous studies (Smith et al., 1983a; Wakeham
et al., 1984; Farrington et al., 1988) showed that fatty acids are
a quantitatively important suite of compounds in both the
sediments and water column in the Peru upwelling area.

Peru Upwelling vs. Cap Blanc Upwelling

The molecular characteristics of solvent extracts of sedi-
ments from the Peru upwelling (Site 686; this study) are
strikingly similar to those of sediments from the upwelling
region off northwest Africa (Site 658; Poynter et al., in press).
In both areas, the lipid distributions are dominated by long-
chain (C;~C;) alkenones and the C; alkane-1,15-diol (Fig. 4).
Dinosterol and cholesterol are the major sterols in both
regions, and long-chain n-alkanes and n-alkanols occur (Fig.
4), although the latter are far greater in the Cap Blanc
upwelling off northwest Africa than in the Peru upwelling.
Apparently, comparable biological influxes of sedimentary
organic matter characterize both upwelling areas, with marine
primary productivity dominating a smaller (much smaller in
the case of Peru) contribution from terrestrial higher plants.
However, the inferred biological sources of the major marine-
derived lipids (alkenones from Prymnesiophyte algae, alkane-
diols from cyanobacteria, dinosterol from dinoflagellates, etc.)
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Figure 4. Gas chromatograms illustrating the general similarity between the total lipid extracts of sediments from the_ Perl.! upwelling
(112-686B-2H-4, 40-43 cm) and the Cap Blanc upwelling (108-658A-1H-4, 25-27 cm). The compound assignments are listed in Table 1.

do not agree with the observed biomass composition, partic-
ularly in the Peru region. Surprisingly, while alkenones dom-
inate the lipid fraction of the sediments, their presumed source
organisms (Prymnesiophyte algae) form only a minor, variable
constituent of the biomass. Furthermore, the prominence of
diatoms in the water column apparently is not recorded in the
lipid signatures of the sediments; 24-methylsterols (thought to
be markers of diatom influx) are only minor constituents of the
diatomaceous oozes, (even in surface sediments; Volkman et
al., 1987). Apparently, the lipid signature was modified, pre-
sumably during transit of the organic debris through the water
column. Compounds that resist modification within the marine
food web (e.g., alkenones and dinosterol; Volkman et al.,
1980c; Harvey et al., 1987) may have been concentrated in the
sedimentary record at the expense of more labile compounds,
giving a biased record of the biomass composition in the
overlying water column.

CONCLUSIONS

The solvent-soluble organic matter from sediments beneath
the Peru upwelling area is dominated by marine-derived lipids
(sterols, alkenones, and alkanediols) that are produced in a
zone of high surface productivity in the euphotic zone. Ter-
restrially derived organic matter (long-chain n-alkanes and
n-alkanols) is a minor component, at least in this region.

Overall lipid distributions in the Peru upwelling sediments
are remarkably similar to those from the Cap Blanc upwelling
off northwest Africa. However, terrestrial higher plant mate-
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rial forms a greater relative proportion of the sedimentary
lipids in the latter region.

While it is possible to infer the biological sources of most
lipids present in Peru margin sediments, the relative abun-
dances of these sedimentary lipids do not agree with the
observed biomass composition in the region. In particular,
diatom lipids are apparently minor components of the extract-
able sedimentary organic matter, while Prymnesiophyte algae
(a minor constituent of the biomass) provide the major lipid
components.
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